Volume 36

Issue 1

Article 5

1-20-2021

Philosophy and Physics Meet in Quantum World
Liuxiang HAO
1. Institute of Philosophy, Chinese Academy of Sciences, Beijing 100049, China; 2. School of Humanities,
University of Chinese Academy of Sciences, Beijing 100049, China, haoliu@ucas.ac.cn

Recommended Citation
HAO, Liuxiang (2021) "Philosophy and Physics Meet in Quantum World," Bulletin of Chinese Academy of Sciences (Chinese Version): Vol. 36 : Iss. 1 , Article 5.
DOI: https://doi.org/10.16418/j.issn.1000-3045.20210116002
Available at: https://bulletinofcas.researchcommons.org/journal/vol36/iss1/5

This Philosophy Promotes Scientific and Technological Innovation is brought to you for free and open access by
Bulletin of Chinese Academy of Sciences (Chinese Version). It has been accepted for inclusion in Bulletin of Chinese
Academy of Sciences (Chinese Version) by an authorized editor of Bulletin of Chinese Academy of Sciences
(Chinese Version). For more information, please contact lcyang@cashq.ac.cn, yjwen@cashq.ac.cn.

Philosophy and Physics Meet in Quantum World
Abstract
On the basis of discussion about the ontological status of quantum state in quantum mechanics, the
properties of particle in the quantum theory of fields and the problem of time in the canonical quantum
gravity, the author argues that the hard core of any physical theory consists of some metaphysical
assumptions. The author points out that from the perspective of the history and philosophy of science,
the relationship between philosophy and physics is in some way analogous of that between mathematics
and physics, so the reunion of philosophy and physics will help us to clarify and even solve those
fundamental problems in quantum theories.

Keywords
quantum state, elementary particles, problem of time, reality, substance, relation, property

This philosophy promotes scientific and technological innovation is available in Bulletin of Chinese Academy of
Sciences (Chinese Version): https://bulletinofcas.researchcommons.org/journal/vol36/iss1/5

Bulletin of Chinese Academy of Sciences

No. 1

Citation: HAO Liuxiang. Philosophy and Physics Meet in Quantum World [J]. Bulletin of Chinese Academy of Sciences, 2021 (1): 28–36.

Philosophy and Physics Meet in Quantum World
HAO Liuxiang
1. Institute of Philosophy, Chinese Academy of Sciences, Beijing 100049, China;
2. School of Humanities, University of Chinese Academy of Sciences, Beijing 100049, China

Abstract: On the basis of discussion about the ontological status of quantum state in quantum mechanics, the properties of particles in the quantum theory of fields, and the problem of time in the canonical quantum gravity, the author argues that the hard core of any physical theory consists of some metaphysical assumptions. The author points
out that from the perspective of the history and philosophy of science, the relationship between philosophy and
physics is in some way analogous to that between mathematics and physics, so the reunion of philosophy and physics will help us to clarify and even solve those fundamental problems in quantum theories. DOI: 10.16418/j.issn.
1000-3045.20210116002-en
Keywords: quantum state; elementary particles; problem of time; reality; substance; relation; property

Since Galileo and Newton founded modern physics in the
17th century, physics has been drifting apart from philosophy.
The rise of positivism in France and romanticism in Germany
in the 19th century marked that philosophers automatically
withdrew from the activity of exploring the world with the
goal of knowledge and truth. The logical positivism and
existentialism in the 20th century, as the remnants of these
two philosophical thoughts, respectively limited philosophy
to language analysis and life world.
The contraction of philosophical territory is accompanied by the expansion of scientific territory. Modern science has not only inherited the right to explain the
universe, life, and soul traditionally monopolized by philosophy and religion but also greatly broadened the
boundaries of human senses, body, and even intelligence
through technology. The great progress of scientific
methods in understanding and manipulating nature has led
many scientists, notably Richard Feynman, Stephen
Hawking, and Steven Weinberg, to disregard or even reject
philosophy [1].
The “retreat” of philosophers and the “arrogance” of scientists reflect the serious misinterpretation of the so-called
“scientific method” in contemporary academic circles from
different perspectives. They think that scientific method is
nothing more than mathematical method and experimental
method, and forget the historical fact that the predecessor of
science is the natural philosophy in ancient Greece. Floris
Cohen, a famous contemporary historian of science, has
studied the origin of modern science and proposes that
Newtonian mechanics actually reflects the combination of
the way ancient Greek philosophers (such as Plato and Aristotle) understanding the world, the way Hellenistic mathematicians (such as Archimedes and Apollonius)

understanding the world, and the way Renaissance engineers
(such as Da Vinci) exploring the world [2]. Philosophical
method establishes the basic conceptual framework of understanding the world by presupposing fundamental entities
(such as matter, space, time, and interaction), being the core
element of scientific method. However, compared with ancient natural philosophy, the ontological commitment in
modern physics needs to accept the dual constraints of
mathematical
representation
and
interventional
experiments [3].
Floris Cohen’s research on the origin of modern science
coincides with the philosophical exposition of the famous
contemporary philosopher W. V. O. Quine on the structure of
a scientific theory. Quine believes that the structure of a
scientific theory is composed of empirical knowledge on the
edge, theoretical knowledge (especially mathematical theoretical knowledge) inside, and logic and metaphysics in the
hard core, that is, the ontological commitment of a theory.
Therefore, from the perspective of the history and philosophy
of science, the relationship between philosophy and physics
is in some way analogous to that between mathematics and
physics.
Instead of reviewing the biased opinions of philosophers
and scientists on the relationship between philosophy and
science, this paper aims to demonstrate the necessity of the
reunion of philosophy and physics on the basis of discussion
about the ontological status of quantum state in quantum
mechanics, the properties of particles in the quantum theory
of fields, and the problem of time in the canonical quantum
gravity. These three questions are not only scientific questions but also philosophical questions, which involve the
hardcore of quantum mechanics, quantum field theory, and
quantum gravity theory, respectively.
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1 Representation and reality: the ontological
status of quantum state
Quantum mechanics is undoubtedly one of the most successful physical theories so far. Its formalismis not only the
theoretical basis for us to understand the micro-world and the
early evolution of the universe but also the theoretical basis
of modern core technologies such as lasers and semiconductors. However, since the birth of quantum mechanics, the
interpretation of this formalism has puzzled generations of
physicists and philosophers. The dream of a final theory in
theoretical physics, the prospect of quantum computing and
quantum information technology, and the vision of reconstruction of metaphysics in philosophy all depend on people’s
understanding of this formalism. The core of this question is
whether quantum state represents objective physical reality.
At the beginning of the establishment of wave mechanics,
Schrodinger believed that the wave function ψ(x) was a wave
like a light wave that really existed in three-dimensional
space, but his belief was soon challenged by Born’s “probability waves” interpretation of quantum mechanics. Since
Born proposed the probability interpretation of the wave
function, physicists hold two completely opposite views on
①
the ontological status of quantum state
: (1)
ψ-epistemic—regarding quantum state as cognitive state or
knowledge state, with only epistemological significance and
not ontological status; (2) ψ-ontic—regarding quantum state
as an ontological state and ψ as physical reality with the
ontological status.
Strictly speaking, the distinction between ψ-epistemic and
ψ-ontic is meaningful only to realists. For anti-realists (especially empiricists and positivists), all scientific theories,
including the theory of quantum mechanics, are only tools to
save the phenomenon and do not reveal the nature of reality.
According to this distinction, Albert Einstein agreed with the
ψ-epistemic interpretation, since he believed that quantum
mechanics would be deduced as the limit of a complete theory. The different philosophical interpretations of the formalism of quantum mechanics, which are put forward by von
Neumann, D. Bohm, and H. Everett, all agree with the
ψ-ontic model. von Neumann’s projection hypothesis on
measurement clearly recognizes the ontological status of
quantum state and believes measurement only causes the
collapse of state function. In Bohmian mechanics, although
ψ(x) cannot fully describe reality, it together with the hidden
variable x constitutes a complete description of reality, so the
reality of the wave function is unquestionable. In Everett’s
many-worlds interpretation or relative state formulation,
universal wave-function is an objective reality.
To precisely describe the intuitive distinction between

ψ-epistemic and ψ-ontic, Harrigan and Spekkens [4] proposed
the ontological model of quantum mechanics in 2010. This
model has four assumptions. (1) Each quantum system has an
ontic state (i.e., a physical state) λ ∈ Λ, where Λ is the ontic
state space of the quantum system. (2) Each quantum state ψ
∈ H in the Hilbert space H corresponds to a distribution μψ(λ)
in Λ. (3) When measuring a quantum system, the measurement device M and the ontic state λ of the quantum system
completely determine the probability ξkM(λ) of the measurement result k. (4) The results given by the ontological model
must be completely consistent with the predictions of quantum mechanics, i.e.,
The left side of Equation (1) is the quantum probability, and
Pk is the projection operator of k obtained from measurement
of the quantum state ψ. On the right is the probability given
by the ontological model. In 2012, Pussey et al. [5] proved that
if the quantum system satisfied the ontological model of
quantum mechanics and the independent preparation hypothesis of quantum state, then the quantum state had reality—the distributions of ontic states corresponding to any two
non-orthogonal quantum states does not have an intersecting
compact support. This conclusion is now known as the PBR
②
theorem and regarded as the most important advance in the
fundational research of quantum mechanics since the proof of
Bell’s inequality.
PBR theorem seems to indicate that unless we stand in the
position of anti-realism and think that scientific theory is only
a tool for explaining and predicting phenomena, we must
recognize the reality of a quantum state. At present, the academic discussion on the significance of PBR theorem mainly
focuses on the reliability of independent preparation hypothesis so as to open up space for the ψ-epistemic position.
However, in my opinion, the significance of PBR theorem for
the interpretation of quantum mechanics lies in the relationship between the ontological model and its conclusion. If a
quantum state corresponds to a distribution of the ontic state
and the measurement result of the quantum system does not
exceed the prediction of quantum mechanics, then the distributions of the ontic states corresponding to any two
non-orthogonal quantum states does not intersect. In the
terminology of philosophy of science, PBR theorem reveals
the relation between representation (quantum state) and reality (ontic state) in quantum mechanics.
Jammer [6] points out that the formalism (of quantum
mechanics) is ahead of its own interpretation, which is unique
in the history of physics. In the history of physics, we usually
committhe reality (such as force or field) first, and then establish mathematical representation (such as the law of universal gravitation and Maxwell’s equations). However, in

______________________________________
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② PBR is the initials of the three proposers: Pussey, Barrett, and Rudolph.
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quantum mechanics, we first have a formalism, and then
identify the physical reality. According to PBR theorem, the
relation between quantum state and ontic state is a
one-to-many correspondence rather than a one-to-one correspondence. In fact, this conclusion has been implied in the
no-shrinking theorem of the ontic state space proved by
Montina [7]. In other words, the quantum state is the epitome
or projection of the ontic state, and the ontic state space is the
covering space of Hilbert space. The relation between representation and reality in quantum mechanics revealed by
PBR theorem is exactly the human cognitive dilemma conveyed by Plato through the “Allegory of the Cave.” That is,
the quantum state is like the shadow of the real thing seen by
the prisoner in the cave, and the ontic state is the real thing
seen by the prisoner out of the cave under the sun.
Furthermore, PBR theorem means that the interpretation
of ψ-epistemic is still possible as long as we reject the ontological model of quantum mechanics [8]. As Einstein claimed,
if quantum mechanics is the limit case of a basic theory in the
future, there is no corresponding relation between the ontic
state and the quantum state assumed in the ontological model.
According to the opinion of Einstein [9], quantum mechanics
has undoubtedly captured the wonderful ingredients of truth,
and it will be a “touchstone” for any theoretical basis in its
future. Because it must be able to be deduced from the basic
theory as a limit case, just as electrostatics can be deduced
from Maxwell’s electromagnetic equations, or as thermodynamics can be deduced from classical mechanics. But he does
not believe that quantum mechanics can be used as a starting
point for exploring this cornerstone, just as one cannot conversely find the basis of mechanics from thermodynamics
(related to statistical mechanics).
In my opinion, the relationship between quantum theory
and future basic theory may be more like that between
Newton’s theory of gravity and general relativity. It is difficult for physicists today to accept the nonlocal correlation in
quantum mechanics, just as it was difficult for scientists in
that time to accept Newton’s concept of action at a distance.
In Newton’s view, the action at a distance is real. As for how
the action at a distance is realized, he said, “I frame no hypotheses.” After the publication of Philosophiae Naturalis
Principia Mathematica, Newton sent Huygens and Leibniz
one copy respectively, whereas both refused to accept Newton’s concept of action at a distance. Huygens believed that
the concept of attraction at a distance was “absurd.” Leibniz
was “shocked” by Newton’s failure to explain the cause of
gravity. In his view, the cause was aethereal vortex. In the
19th century, after Maxwell established the electromagnetic
field theory, he even envisaged a e gravitational field theory.
As we all know, this theory of gravitational field was finally
completed by Einstein. In Einstein’s general theory of relativity, gravity is only the expression of space–time curvature,
not a real force.

Therefore, philosophical cognitive mode is no less important than mathematical cognitive mode, whether it is to
understand quantum state within the existing framework of
quantum mechanics or to try to understand quantum state
beyond quantum mechanics. The relationship between representation and reality in physical theory has always been a
fascinating and profound philosophical question. In the history of physics, the tension between mathematical representation and physical reality is one of the fundamental
motivation for the revolution in physics.

2 Substance and property: What are elementary particles in quantum field theory?
What is an elementary particle? This is a question that
everyone who studies quantum field theory tries to but cannot
①
answer clearly. Here, I refer to the article of a science writer
and discuss three representative views: (1) particles are the
collapse of wave function; (2) particles are excited states of
quantum fields; (3) particles are irreducible representations
of the symmetric group.
First, Let’s analyze the first view from the philosophical
perspective—particles are the result of the collapse of wave
function. This view actually requires us to accept either Bohr’s
interpretation of quantum mechanics or the collapse interpretation of von Neumann, Wigner or the spontaneous localization theory of Ghirardi, Rimini, and Weber (GRW). The
diverse interpretations of collapse are based on the reality of
quantum state (or the realnessof wave packet). The difference
is the mechanism that causes the collapse of quantum state or
wave packet. According to von Neumann, collapse is the result
of consciousness participation. In Wigner’s opinion, collapse is
the result of the mind as an independent entity intervening in
the physical world. According to GRW, collapse is a spontaneous dynamic process. Although there is still a certain market
for various interpretations of collapse, I remain a reservation
based on the analysis in Section 1.
Here I focus on Bohr’s point of view. First of all, the
so-called Copenhagen interpretation is actually a vague
statement invented in the 1950s. It is a collection of Born’s
probability interpretation, Heisenberg’s uncertainty principle,
Bohr’s complementarity principle, and von Neumann’s projection hypothesis and its interpretation of wave packet collapse [10]. Bohr’s complementarity principle is a description
of the properties of quantum systems rather than an interpretation of the formalism of quantum mechanics. Bohr
acknowledges that atoms are real but believes that some
properties (such as position, momentum, and spin components in different spatial orientations) of atoms are extrinsic
instead of intrinsic. In fact, these properties of atoms are
relational properties relative to macro measurement instru-
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ments. Bohr [11] says that a sentence like “we cannot know
both the momentum and the position of an electron” raises at
once questions as to the physical reality of such two attributes, which can be answered only by referring to the mutually
exclusive conditions for the unambiguous use of space–time
coordination, on one hand, and dynamical conservation laws,
on the other. Bohr is talking about atoms here. Since quantum
mechanics is the basic theory by which we understand atoms
and elementary particles, Bohr’s view on atomic properties
can obviously be extended to elementary particles.
The second view (particles are excited states of quantum
fields) obviously takes the field rather than the particle as the
most elementary reality. In quantum field theory, each elementary particle corresponds to a quantum field in full
space–time. From the perspective of physics, quantum field
theory is the only known way to unify quantum mechanics
and special relativity. However, from the philosophical perspective, taking quantum field as basic reality is a huge ontological burden. In recent years, there has been a growing
tendency in physics to think that all successful quantum field
theories, including quantum electrodynamics, are simply
effective field theories—the low-energy approximation theories of a deep theory. According to the words of Weinberg [12],
“on this basis, , the reason that quantum field theories describe
physics at accessible energies is that any relativistic quantum
theory will look at sufficiently low energy like a quantum field
theory”. Therefore, it is important to understand the theoretical
basis of quantum field theory according to the basic principles
of quantum mechanics and special relativity.
As for that, it is not helpful for us to understand what elementary particles are by treating particles as excited states of
quantum fields. To understand what elementary particles are,
the key is the properties of particle states given by both quantum mechanics and special relativity. This is the third view we
want to discuss: Particles are irreducible representations of the
symmetric group. To be more precise, the properties of particles are represented by irreducibility of the group.
In 1939, Wigner worked out the representation theory of the
space-time symmetry group of special relativity—Poincaré
group (inhomogeneous Lorentz group)—in Hilbert space of
quantum mechanics. In the irreducible representation theory of
Poincaré group, two Casimir operators can and can only be
constructed, and the eigenvalues of the two Casimir operators
respectively correspond to the mass and spin of a particle. The
Casimir operator is a multiple of the unit operator, which can
be used as a classification index of irreducible representations.
Therefore, elementary particles are first classified based on
mass and spin: Half-integer spins are fermions, and integer
spins are bosons. As invariants of irreducible representation of
Poincaré group, mass and spin can be regarded as the intrinsic
categorical properties of particles.
In addition to the intrinsic properties such as mass and
spin, elementary particles have additional intrinsic properties,
such as the charge of electrons, and the color and flavor of
quarks. These additional properties of particles are described

by the irreducible representations of the internal gauge
symmetry groups. The symmetry groups associated with
charge, flavor, and color are U(1), SU(2), and SU(3), respectively. According to Weyl and Chen-Ning Yang’s idea of
symmetry-dominated interaction, these groups determine the
Lagrangian of electromagnetic interaction, weak interaction,
and strong interaction respectively. Since charge, flavor, and
colore are expressed through interaction, they can be classified as dispositional properties in philosophy.
To sum up, the philosophical discussion on properties and
substances is helpful to understand what elementary particles
are. Elementary particles have not only intrinsic properties
such as categorical properties (such as mass and spin) and
dispositonal properties (such as charge and color) but also
extrinsic properties such as relational properties (such as
position or momentum). Substance is a term from Aristotle’s
philosophy. Here we use it to refer to natural kind. It is believed that there is an objective classification structure in
nature, which is the basis of all scientific research. The representative of natural kinds is the species in biology in the
early ages, the chemical elements in chemistry later, and the
elementary particle in physics now. According to the opinion
of the contemporary philosopher Boyd [13], natural kinds are a
cluster of properties.

3 Substantivalism and relationalism: the problem of time in the canonical quantum gravity
If we believe like Einstein that quantum mechanics is incomplete and the limit case of a basic theory in the future, the
basic theory should be the theory of quantum gravity, that is,
the theory unifying quantum mechanics and general relativity.
Quantum gravity theory is usually established with the following motivations. (1) If the material field is quantized, the
gravitational field or space–time geometry should also be
quantized. (2) The singularity theorem in general relativity
implies that the theory should be low-energy approximation.
(3) The divergence in quantum field theory is expected to be
solved by gravitational quantization. Obviously, these motives
are purely theoretical, and quantum mechanics and general
relativity are competent enough at the empirical level.
There are many attempts to establish the theory of quantum gravity. Here we only consider the canonical quantum
gravity path, because the starting point of this path is the
basic principles of quantum mechanics and general relativity,
without any additional assumption (such as supersymmetry).
The theory of canonical quantum gravity includes quantum
geometrodynamics, connection dynamics, and loop quantum
gravity. Geometrodynamics selects the 3-metric hab of the
three-dimensional space-like hypersurface Σ as the field
configuration variable. Connection dynamics selects the
SU(2) gauge group connection (spin connection) Aai on Σ as
the configuration variable. The loop theory defines the variables based on the holonomy h(A, γ) of the spin connection.
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In the canonical quantum gravity, quantum states are represented as wave functional Ψ of these variables.
Whether the 3-metric hab or spin connection Aai or its holonomy h (A, γ) is selected as the variable, the theory of canonical quantum gravity will face the problem of time. This is
because the gravitational field is a constraint system, and its
secondary constraints include (three-dimensional space)
diffeomorphism constraint Ha and Hamiltonian constraint H
(taking 3-metric as the configuration variable)
In Equation (2), πab is the momentum conjugated with hab and
3
R is the curvature of Σ. According to Dirac’s theory of constraints, the classical Hamiltonian constraint function H is
upgraded to the operator Ĥ, and the dynamic equation of the
canonical quantum gravity is obtained:
Comparing Equation (3) with the Schrodinger equation of
quantum mechanics, we can see that the quantum state in the
canonical quantum gravity does not evolve with time. This is
the famous problem of time in the canonical quantum gravity.
In the classical theory, this problem does not exist. In the
phase space of general relativity, the orbit generated by
Hamiltonian constraint is the solution of Einstein’s field
equation, and the points on the orbit is equivalent as the initial
values of the same solution [14]. After all, the
four-dimensional diffeomorphism group in general relativity
is only a gauge-like group [15]. We cannot treat the points on
the Hamiltonian orbit as completely equivalent in physics as
we do with gauge equivalence.
The root of the time problem lies in the inherent conflict
between quantum mechanics and general relativity. In
quantum mechanics, time is an external parameter, not a
dynamic operator. In general relativity, time is a dynamic
variable. As for how to solve this problem, there are two
opposing camps: Heraclitian view and Parmenidean view [16].
The Heraclitian view represented by Kuchař [17] maintains
that time is a classical and fundamental concept that exists
prior to quantization, while the Parmenidean view represented by Rovelli [18] claims that there is no concept of time in
fundamental physics and the classical concept of time is the
result of quantization.
According to Kuchař’s opinion, Equation (3) is inappropriate. Before quantizing the gravitational field, we must first
completely reduce the phase space Γ 8= {(hab, πab)| Ha = 0 =
H} so as to definetime parameters and real dynamic variables, and then quantize them. Although this understanding is
in line with the spirit of quantum mechanics, it is not feasible.
The phase space of general relativity can only be reduced to

Γ5= Γ 8 {diffΣ} at most, that is, the points on the constrained
orbit of space diffeomorphism are regarded as the same
physical state. It is impossible to reduce to Γ4. (1) If we reduce the Hamiltonian orbit to the same physical state, then
there is no classical concept of time. (2) The initial value of
general relativity does not correspond to the solution
one-to-one. Two different (3+1) decompositions of the same
space–time (Μ, gμν ) will give two different initial values (hab,
πab) and
while they are not connected by a constrained orbit in the phase space. As Ward [19] has pointed out,
one of the main obstacles to establishing a quantum theory of
gravity is the inability to separate out the physical freedom
degree of the theory.
According to Rovelli’s opinion, there is no concept of time
in the theory of quantum gravity. Instead of time, there are
relationships between partial observable quantities. Partial
observable quantity refers to a physical quantity that can be
measured but cannot be predicted theoretically. In other
words, the partial observable quantities are not
four-dimensional diffeomorphism invariant quantities and
evolve with the time parameters of Hamiltonian orbit. In
addition, Rovelli argues that the concept of time is not needed
in quantum gravity theory, and that we can replace the
Schrodinger picture with a Heisenberg picture. Assuming
that the two partial observable quantities A(t) and B(t) vary
with the parameter t relative to a certain Hamiltonian, then we
can use the change of the latter to measure that of the former.
For a certain value of t, set B(t) = τ, then A(τ(B)) is a completely observable quantity commutative with the Hamiltonian operator. The change is shown by a set of evolving
motion constants (i.e. the value A when B takes the value τ).
According to this claim, Rovelli emphasizes that there is no
unified concept of time.
If time does not exist in fundamental physics, where does
the classical concept of time come from? The classical concept of time mentioned here refers not only to the concept of
time in Newtonian mechanics or special relativity but also to
that in general relativity. The current mainstream scheme is to
introduce material field ϕ, so Equation (3) is extended to
In Equation (4), A is the configuration variable of the
gravitational field, and Ĥgravity and Ĥmatter are the Hamiltonian
operators of the gravitational field and the matter field, respectively. When the matter field is decoherent with the
gravitational field, the Hamiltonian operator of the matter
field
can be used to define the evolution of the
quantum state of the gravitational field. According to this
assumption ①, classical time is emerged from the quantum
world. The quasi-classical nature of time also implies that

______________________________________
① This is just an assumption. In geometrodynamics, the wave functional is not well defined, and the Hamiltonian operator is not a polynomial of canonical variables, so there is no reasonable construction scheme. Although the theory of loop quantum gravity establishes a
mathematically rigorous kinematic Hilbert space (i.e., spin network state or spin-knot state, the former is the eigenstate of area operator and
volume operator), the dynamics of loop quantum gravity is still a difficult problem, and whether general relativity can be used as the limit of
the theory remains to be determined.
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Hilbert space in quantum mechanics is only an approximate
structure [20].
Whether time (or space-time) is substantival or relational
has been in debate in philosophy. Before the creation of
Newtonian mechanics, time is usually regarded as the relation between changing things. In daily life, people always use
periodic motion (year, month, day, etc.) to measure time.
Thus, Plato said in the Timaeus that time was a moving image
of eternity, which was produced with the emergence of the
rotating celestial sphere. In Newtonian mechanics and special
relativity, time is an absolute, uniformly fleeting entity that
exists independently without relying on the movement or
change of things. Newton’s view of absolute space–time was
fiercely opposed by Leibniz, who argued that space–time was
nothing but the adjacency or succession of things. Mach’s
criticism of Newton’s view of absolute space–time inspired
Einstein’s creation of general relativity.
In general relativity, the geometric properties of
space-time (such as connection and metric) depend on the
distribution and motion of things, while the topological
properties of space–time (such as point set structure, continuity and smoothness) are the basic assumptions of the theory. In other words, space–time points in general relativity
can still be regarded as entities. Time is the one-dimensional
continuum after decomposition (3 + 1). Nowadays, the substantivalism of space-time points is also challenged by the
development of quantum gravity theory. According to the
canonical quantum gravity theory, the concept of global time
as a one-dimensional continuum may not exist at all. Therefore, the Hilbert space structure of quantum mechanics and
the Riemannian geometry structure of general relativity are
only the limit cases of some future basic theory. Since
quantum gravity theory is physics on Planck scale, which is
far beyond the scope of experimental physics, philosophical
discussion and mathematical reasoning are particularly important.

4

Conclusion

The ontological status of quantum state, the nature of
elementary particles, and the problem of time are undoubtedly the core problems in quantum mechanics, quantum field
theory, and quantum gravity theory. The reunion of philosophy and physics will help us to clarify and even solve these
fundamental problems.
In fact, the hardcore of any physical theory is some basic
metaphysical presuppositions. In Newtonian mechanics and
Newtonian gravity theory, these basic presuppositions include absolute space–time, corpulscular matter, and action at
a distance. Electromagnetic theory and special relativity only
moderately modify these basic presuppositions, that is, using
Minkowski space–time to replace Galileo space–time, and
using continuous transmission to replace action at a distance.
At the same time, the field is also regarded as a form of

matter, which consumates the world picture of classical
physics.
The two major physical revolutions in the early 20th
century, the revolution of quantum mechanics and the revolution of general relativity, have made fundamental amendments to the classical concepts of matter and space–time,
respectively. On one hand, quantum mechanics requires us to
recognize the wave-particle duality of matter. However, this
wave is not a matter-wave in ordinary three-dimensional
space but a probability amplitude in abstract Hilbert space.
On the other hand, according to general relativity, space–time
is no longer the stage for material activities but the result of
material distribution and movement. At the ontological level,
we only promise that space–time is a four-dimensional
pseudo-Riemannian manifold. Unfortunately, there are potential conflicts between quantum mechanics and general
relativity over the conception of matter and space–time.
Although the theory of quantum gravity is still in the early
stage of development, the AdS/CFT duality in superstring
theory suggests that there seems to be a mysterious connection between space–time geometry and quantum entanglement. If this idea can be justified, the dawn of establishing a
self-consistent world picture would appear.
Einstein delivered a famous speech “Principles of Research” at Planck’s 60th birthday celebration in 1918. He [21]
pointed out that in the temple of science were many mansions, and various indeed were they that dwelled therein and
the motives that led them thither. Many take to science out of
a joyful sense of superior intellectual power, and only a few
“try to make for himself in the fashion that suits him best a
simplified and intelligible picture of the world” and are eager
to see the “pre-established harmony” described by Leibniz.
Although the number of these people is small, if they are not
in the palace of science, “any more than a forest can grow
which consists of nothing but creepers.” The mental state in
which they engage in scientific research is “the state of mind
which enables a man to do work of this kind is akin to that of
the religious worshiper or the lover.” “The longing to behold
this pre-established harmony is the source of the inexhaustible patience and perseverance.”
The few people Einstein mentioned are what we usually
call philosopher-scientists, i.e., scientists with lofty philosophical feelings, broad philosophical vision, and profound
philosophical thoughts. The meeting of philosophy and
physics in the quantum world is the opportunity for philosophers-scientists. The relation between philosophy and
physics is analogous to that between mathematics and physics. If mathematical language is the syntax of nature, then
philosophical analysis is the semantics underlying syntax. In
the future, the basic theory that can unify quantum mechanics
and general relativity may need a new mathematical structure
different from Hilbert space and Riemannian manifold, and it
also needs new philosophical ideas about physical reality
such as space–time, matter, and interaction.
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